Crop simulation models (CSM) are now widely used to predict the future crop yields, to find the suitable measures for increase the crops productivity and to simulate the potential effects of genetic characteristics, irrigation water, soil and climatic conditions, together with the management practices on yield. The objective of this work is to evaluate the ability of AquaCrop model to simulate growth and yield of pomegranate under different climatic conditions, soil and irrigation water. Experiments were conducted during 2016 and 2017 seasons in tow governorates of Egypt (ElBehera and North of Sinai). The data required to run the AquaCrop model relate to climate were obtained from the America's space agency (NASA) and the physical and chemical characteristics of soil and irrigation water for different study locations were obtained from field sample analysis of soil and irrigation water . The validation and calibration of model was performed using field observations relative to yield data in 2016 and 2017. The results show the observed values of pomegranate yield in the field were greater than the simulated values in two seasons of study 28.543, 30.433 for first location of study (ElBehera) respectively and 10.638, 10.978 ton/ha for second location of study (North of Sinai) respectively, but the differences between them were very low. The averages of annual climatic data have the most significant impact on pomegranate yield. The agreement between observed and simulated yield data was good with root mean square error (RMSE), index of agreement (D) and coefficient of determination (R 2 ). Statistical indicators, RMSE, D and R 2 confirmed that the model is very reliable for simulating pomegranate yield for experiments (ElBehera and North of Sinai) in 2016 and 2017 seasons (low RMSE, D and R 2 near 1), The relationship between observed and simulated yield produced RMSE ranged from 0.53 to 9.11%, D ranged from 0.985 to 0.994 and (R 2 ) = 0.99. It was concluded that calibrated AquaCrop model was able to simulate growth and yield of pomegranate in tow experiments.
INTRODUCTION
The pomegranate (Punica granatum L.), is a crop that grows in all soil types and diverse climates (from semi-arid temperate zones to subtropical climates); they are widely cultivated in Asia, and the Mediterranean countries such as Egypt, Tunisia, Morocco, Turkey and Spain Levin, (2006) , Jalikop, (2007) , El-Falleh et al., (2009) and Ahmet et al., (2009) . In Egypt the production of pomegranate is concentrated in four governorates Assiut, Sohag, ElBehera and North Sinai Salman et al., (2016) ; recent statistics data provided by the Ministry of Agriculture in 2018 indicate that a total of 79040 fadan are planted with pomegranate trees, with a total production of 382587 tons (annual report of ministry of agriculture and land reclamation 2018). P. granatum crop yields simulation is certainly a complicated task, it is affected by a multitude of variables (soil, meteorology, nutrients, pests, management, etc.) , many of them, in turn, difficult to model.
AquaCrop is a simulation model designed by FAO for the analysis of the productivity of different crops in diverse agro-ecosystems Steduto et al., (2009) fig 1 is application being possible for a wide range of ecological conditions and production systems. This model integrates the effect of genetic characteristics, fertilization, soil and climatic variables, together with the management variables, to simulate crop production in response to water in the soil-plant system Geerts et al., (2010) . Shaheen et al., (2016 ), Salama et al., (2016 ) and Farag et al., (2017 With respect to fertilization on ElBehera, organic manure in December at75 kg/tree were added and mineral fertilization of (NPK) were added at 2kg/tree ammonium sulfate (20.6%) in two doses in March and May after the fruit eased, 1kg/tree superphosphate (15%) in December and from 500g/tree potassium sulfate (48%) in March). On North of Sinai, plants were fertilized by Organic manure in December at 100 kg/tree and mineral fertilization of (NPK) were used as 3.5kg/tree ammonium sulfate (20.6%) in two doses in March and May after the fruit eased, 2kg/tree superphosphate (15%) in December and from 1kg/tree potassium sulfate (48%) in March).
Weather data:
The weather data were obtained from the website of the America's space agency (NASA https://power.larc.nasa.gov/dataaccess-viewer/). Data in Table 2 and 3 shows the average of annual weather data (maximum air temperature, minimum air temperature, wind speed, relative humidity, solar radiation and evapotranspiration (ETo) for study locations (ElBehera and North of Sinai) during the period 2015 to 2017. Respect to the evapotranspiration (ETo) data was calculated using the FAO Penman-Monteith equation as described by Allen et al., (1998) . 
Soil Data:
The physical and chemical characteristics of soil for different study locations (ElBehera and North of Sinai) were collected from previous studies Bakeer, (2009), Seidhom and Abd-El-Rahman, (2011), Shaheen et al., (2016 ), Salama et al., (2016 ) and Farag et al., (2017 
Irrigation water Data:
Data of chemical composition of irrigation water for different study locations (ElBehera and North of Sinai) were obtained from previous studies Bakeer, (2009), Seidhom and Abd-El-Rahman, (2011), Shaheen et al., (2016 ), Salama et al., (2016 ) and Farag et al., (2017 
AquaCrop Input Data:
The AquaCrop model (version 6.1) was used and evaluated in the current study to simulate growth and yield of pomegranate in two Egyptian governorates (ElBehera and North of Sinai) during 2016 and 2017.
The input data and parameters for AquaCrop are shown in Fig 2. The weather data include maximum air temperature, minimum air temperature, wind speed, relative humidity, solar radiation, evapotranspiration and CO 2 concentration. The management, soil, irrigation water characteristics and cultivar parameters.
Model Calibration and Testing:
During calibration, certain model parameters were adjusted to make the simulation results match the observed values. Some of the parameters were used in the calibration during the experiment, such as observations of phenological stages of the crop (days to maximum canopy cover CC, duration of flowering and days to Table 6 . Performance of AquaCrop in simulating yield was evaluated by comparing simulated results against observed data. The statistical indices used in the validation were correlation coefficient (r), root mean square error (RMSE) and willmott index of agreement (d) Willmott (1981) Samiha Ouda et al., (2015) . The correlation coefficient (r) is an indicator of degree of closeness between simulated and observed data.
It ranges from 0 to 1, with values close to 1 indicating a good agreement, and typically values greater than 0.50 are considered acceptable in simulations Moriasi et al., (2007) .
The correlation coefficient was calculated using the following equation:
Where: O i observed value, S i simulated value, MO mean of observed values and MS mean of simulated values. The root mean square error (RMSE) is a measure to calculate the total or mean deviation between the observed and simulated values. The adjustment of the model improves when the value is close to zero. The root mean square error (RMSE) was estimated by the following equation Loague and Green (1991) :
Where: S i simulated value, O i observed value and N number of observations. The index of agreement (d) is a measure of the relative error in the model estimates. It is a dimensionless number that ranges between 0 and 1, with 0 indicating no agreement and 1 indicating a perfect agreement between the simulated and observed data Krause et al., (2005) . The index of agreement (d) was calculated using the Willmott et al., (1985) 
equation:
Where: O i observed value, S i simulated value and MO mean of observed values.
Results and Discussions.
The pomegranate yield data obtained from the field and AquaCrop module are shown in table 8. In experiments 2016 and 2017, the observed values in the field were greater than the simulated values 28.543, 30.433, 10.638 and 10.944 ton/ha respectively, but the difference between them was very low. According to the values of root mean squared error (RMSE) for tow experiments (ElBehera and North of Sinai), indicated in table 9 , the differences between observed and simulated values varied between 0.043 and 0.155 Ton/.ha, which represents, in average percentage terms for tow experiments, 4.82 %. Finally, the data of the index of agreement (Willmott 1981 and Willmott 1982) for tow experiments indicating a perfect agreement between the simulated and observed data table 9. Similar results were obtained by Ismail et al., (2015) 
